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1. GEOLOGY
1.1 Early Studies

TheClarendonLinden Fault SystenCFwas first recognized by Chadwick (1920), who noticed
that the Niagaraand Onondaga escarpmentsve prominent doglegs in themutcrop map
patterns near BatavigFig. 1) He ascribethe N-S offset in the escarpment to a roughlySN
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striking fault between Clarendon and Lindé&t, thathas about 30 m stratigraphic offset

(down on the west). Chadwick (1920) believed the fault interpretation was supported by
stratigraphic offsets of Upper Devonian units across@ tkending valley and springs aligned in

a NS trend (see stratigraphic cotun, Figure 2, for stratigraphic units identified in text). Other
publications following the original research suggested that perhaps the fault was actually a fold
in units lying above the Silurian salt section, but was a fault in units lying belowuhearsdalt

(e.g., Chadwick, 1932). Although the Silurian salt section does not outcrop because it dissolves,
the Silurian units lying above and below the salt section outcrop between the Onondaga and
the Lockport escarpments (Fig. 1). Since the units@igently to the south, the units at the
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fold in this scenarioHowever the sharp offset in th®©nondagascarpmentat Batavia isiot
consistent witha foldinterpretation.
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1.2 Studies in the 1970s

FIGURE 2. Stratigraphic column showir
the units in the northern half of western
New York State.

The potential siting ofuclear power plantslang the Lakéntarioshore prompted thenext
wave ofmore detailedand comprehensive study tfie CLFWell log analyses byan Tyne
(1975)indicated that the CLF consisted of at least 3 main strands that extended frobakke
Ontario shore southward into southern Wyoming Coufiig. ). Analyses of 2D seismic
reflection profilesby Pomeroy et al. (1977) and Fakundiny et al. (89Bg8(lines AE in Figure 1
and four additional lines shot between the central and eastern faultiratedthat the CLF
was a complefault zone with multiple faultsmore faultsthan couldbe recognizedn the
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relatively widelyspaced well loglata of Van Tyne (1975)he cumulativemount of throw
across all théndividualfaults was about 3@n to 50 m, dowron-the-west. The seismic data
were crude by modern standarghe verticalresolution was abouB0 m (Pomeroy et al.,
1977), so faults witlertical offsetdess than about 30 m could not be resolved.

Fakundiny et a1978b) did not find a clear relationship between the CLFthaunl regional
compilations of fractures, peppsand faults This observation was consistent with the belief
from the crudeseismiadata (Fakundingt al., 197&) and the well log dataMan Tynel975)
that the fault system was merely a fold above tBiurian salt sectiarLaterVan Tyne structure
maps(e.g., Van Tyne and Foster, 19@&oimplied that the faults developed into folds above
the Slurian salt section.

More recent studies using better dateom the rocksabove the Silurian salt section have shown
that in each of the data setséismiaeflection profiles, well logs, and fracture analyséallts

are indeed required to honor the data. For example, using morelagdithan Van Tyne (1975)
had available to him, Murphy (1981) proposed thastNkingfaults extendup through the
Siluriansalt section and displadbe Middle Devonian Onondadg@rmation. Gross and

Engelder (1991) foundnomalousNNEstriking fracturegparallelto the CLF trend in a quarry
adjacent to the main CLF faults at Clarendon,Ad. as detailed belowsing advancgin data
acquisition and processing, detailstiatigraphic structural, seismic, soil gadremote

sensing analyses conducted by Jacobi and Fountain (1993, 1996, 2002) all showed that the
faults extend to the surface in western NYS and extend sotitie 10 quadrangle study area
primarily inAlleganyCounty (for location see Figure 1).

1.3 Studies in the late 1980s and early 1990s

The third phase of geological investigation of the &oSein the late 1980s imesponse tahe
possibilityof radicactive waste storage in Allegany County. JacobiFamhtaindevelopeda
detailedstudy in order tadeterminewhetherthe CLFRand other faults exist irAlleganyCounty
and if these fault systemsould be seismically capable in Alleg&@ogunty Because the outcrop
wasnot continuous and because the fault issue was contentiatithe time the study
integrated all the standardraditional geological techniques as well as innovatieehniques
that Jacobi and Fountaipioneered and now are pracid routinely. The techniquescluded:

1) detailedstratigraphicmeasurements of units in outcrops measured and described at the
cm scaleat over 2000 outcrops inAlleganyCounty and regions to the west

2) digital collection of fracture and fault data usingaegrids and scanlines at the same
outcrops as in #1 above, with traditionsttucturalanalyses as well as fractal and other
geostatisticabnalyses

3) soil gas analysest 10 m spacingalong transects
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4) seismic reflection data acquisition and analyses
5) remote sensingnalysedor lineament recognitionincluding
a. topographic maps,
b. air photos,
c. SLAR, and
d. Landsat
6) neotectonic studies in thdtticaregion and in Allegangounty
7) analyses of potential field datacluding
a. gravity and
b. aeromagnetis

These 1tasks and subtasks were rigorously carried out under a QA/QC program developed by
JacobiandFountainandapproved by NYSERDJcobi andfountain performed weekly quality

control checks on alhctivetasksand subtasls, and NYSERDA had a rigoransual QC check

involving personnel frolmNYSERDA ¥iest Valley and AlbanyJacobi and Fountain, 1991,

1996) TheQA/QC program mearhat the findings were verifiable at vehjghlevel of detalil

(e.g., at the cnscalein the case of stratigraphy). Theaults of the studyvere compiledin a

2,106 page report to NYSERDA (Jacobi and Fountain, 1996), and the results were summarized in
a series of over 50 abstracts arefereedpapers (e.g., Jacobi and Fountain, 1993, 2002).

The integrated tasks showed thiaults do exist in the 10 quadrangle study area, ranging from

small faults observed in outcrop that have offset on the order of a few centimeters to faults

inferred from well logs and offsets of units between outcrops that have offsets up to 45 m. An
exanple of the largetoffset faults that extend to the surface are shown in the cross section in

Figure3a. These faults are located below prominenisitiking lineaments observed in

topographic maps, air photos, SLAR imagery and Landsat. Further, soil gas aranmalss

coincident withthese same lineament&table isotopes ande ethane/methane ratios othe

a2Af 3Ara AYRAOFGS AG Aa y20 akKlffz2g aoA23SyArol
subsurface source and apparently has leaked upward along fracture systems. The soil gas thus

is an indicator of open fracture systems, in this case thatdrid® parallel to the lineaments.

Examples of the smaHoffset N-strikingfaults found in outcropin the study area are shown in
Figure 3b. These outcrops oc@long the central fault in Figure 3a, and display the same sense
of motion (downon-the-west)as was inferred from the sense of offsigtermined from

elevation changes of the Rushford Sandstbeeveen the outcrops, in this case confirming the
inferred offsetsfrom both the subsurface well logs and the surface outcrops.



ELEVATION
Photos 486m — 1600 ft FIGUREZ Eastwestcross

Location . section roughly along the north
‘7): 471 m — 1550 shore of Rushford Lake (see
Figures 1 and 4 for location of
1500 Rushford Lake). For the
subsurface portion of the cross
section, which involves the
Onondaga and Tully limestones,
analyses of well logs were used |
determire the subsea depth of
the units. For surface outcrops of
the Rushford Sandstone,
topographic maps were used to
establish the elevation of the

-800 outcrops. The Rushford
Sandstone has offsets between
-850 outcrops that have the same
sense of motion as those infedre
from the well logs, confirming the
general fault offsets inferred
from the well logs. However, the
surface outcrops indicate there
are more faults at the surface
than inferred from the well logs.
This observation could indicate
-1300 the faults splay upsectioor that
the well logs are not sufficiently
-1350 closelyspaced to recognize the
extra fault complications
observed at the surfac&rom
Jacobi and Fountain (1996, 200z
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The seismic reflection profilesquired by Jacobi and Fountain (1996, 2G0P3howed faults at
depth, and two showed probable faults reaching to the surface. One of teengeiflection
profiles, CLB is shown in Figure Zhe observed faulon this seismic linkes beneath
1) a NStrending valley (Rawson Vallay)served in topographic maps, air photos, and
SLAR
2) a NSstrikingFID with NS striking fractures in the vajle
3) a zone of high soil gasiomalies
4) a structural zone of Mtrikingmaster fractures, FIDs and fauitsoutcropthat extends
south from thelocationof the seismic line (Figure 5).
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FIGURE 3b. Photos of srudfket
N-striking faults of the CLF along
the shores of Rushford Lake. For :
location of Rushford Lake, see
Figures 1 and 4; location of the
outcrops also shown
diagrammatically in Figure 3a
Yellow arrows indicate where the
sandstoneare offset. The sense of
offset on these small {dts is
consistent with the offset inferred
from changes in elevation of the
Rushford sandstone between
outcrops. Note the elevated
number ofN-striking fractures
here, forming a FID. The outcrops
align with the middle main fault
system of the Clarendomidien

fault System in this area. From
Jacobi and Fountain (2002).

FIGURE 4a. Location map for
seismic reflection lines acquired
and analyzed by Jacobi and
Fountain (1996, 2002). Red banc
indicate Nstriking faults of the
CLFDotted box near Cuba Lake
indicates the approximate
location of Figure 5. Location of
10-quadrangle area shown in the
inset.After Jacobi and Fountain
(1996).



FIGURE 4b. Seismic line
CLR3 (bottom panel), N
striking fracture

THIRT frequency and Rawson
ELEVATION FRACTURE FREQUENC Va||ey topographic
profile (middle panel),
and soil gas anomaly
transect on the same
road along which the
seismic was shot (upper
panel). All three panels
are aligned nortksouth.
Lower PanelClear
thrust fault at the
Trey 62y 0a¢ NE
deeper reflectors.
Middle Panel.Fracture
frequency of Nstriking
fractures along a
transect rises from a
background frequency
of 0 fractures/m at the
valley walls and beyond
to a high fracture
frequency of about 8
fractures/m in the vallg
center; 8 fractures/m is

WEST == EAST indicative of an FID,
- which occurs in the
region where the fault occurs. Dots indicate the location of outcrops, which were located proximal to the
seismic line and soil gas transect (see Figure 5 for locatipper Panel Significantly elevated soil gas
anomalies characterize the eastern valesll, from about thesite of thehigh fracture frequency eastward.
Sporadic high soil gas anomalies also occur on the plateau east of the valldyigua#. after Jacobi and
Fountain (1996, 2002).

The coincident P& valley, N6 band of anomalous-striking master fractures, 48triking FIDs

and Nstriking, outcropscale faultsndicates that the structural zone in Figure 5 is controlled by
CLF faults observed in the seismic line in Figure 4, and suggests that the faults observed in the
seismic line do extend up to the surface. Further, since the structural zone is aligned with the
soilgas anomalies to the north, these fracture and fault system are presently open. Open
fractures/faults and gas/fluid lubricategpen surfaces are easier to reactivate than locked
fractures/faults.
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SHlE R are locally prevant along a
| structural zone that trends south
from the region of high soil gas
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Figure after Jeobi and Fountain
(1996, 2002).
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This integration of data sets shown in Figures 4 andl&ta sets with coincident anomalous
features that indicate a # trending fault system exists along the valégmonstrates the
usefulness of the different data sets in combination, but also the power of the data sets alone,
if other data sets are lacking. For example, anomalosgiking FIDs alone indicate that a N
striking fault is nearby, and longdtrikingvalleys with no other data sets probably indicate N
striking faults as well. Only with the intense detailed measurements of each data type could we
determine what the background, regional signal was and what the locally anomalous signal



was. Previous resechers, as well as a few who worked later in westeewNork Sate did not
have a sufficiently detailed and extensive data base to be able to recognize what was
anomalous, andherefore wasjn this case, indicative of faulting.

Integrating all the geological techniques allowed Jacobi and Fountain (1996, 2002) to construct
the fault and FID map shown in Figure 6. Inspection of the map reveals-#takMg fault

FIGURE. Map offaults and fracture intensification domains (FIDs) in theyd@drangle study area primarily
in Allegany County. In this region FIDs commonly characterize faults, and occur adjacent to a fault, or at
tip of a fault. The colored bands and lines iatkoorientations and width of fault systems/FIDs and the
different colors denote varioustyriented systems of faults and FIDs. For location of the 10 quadrangle are
see the panel at the right and also Figure 1. Figure after Jacobi and FountainZQ®®6

systems are not the only faults in the region. Rathershiking faults, NWstriking faults, and
relativelyrare Estriking faults also occur in the region. Because the presefftdial horizontal
stress is directed ENESW(Zoback and Zoback, 199both the Nstriking faults and the NW
striking fault systemare more susceptible to failure.

The Jacobi and Fountain (1996, 2002) studies (and all their anstil@ig9 determined that N
striking faults of the CLdfo occur in western NYS south of the trend proposed by Chadwick
(1920) The faulteextend into entral NYS at the latitude of the proposed Allatt Wind Energy
(ACWE) project (Fig. 7). But what about seismicitydlleeving sections examine the
seismicity of the CLF both to the north and in the Allegany County region.
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